Background-Inhaled corticosteroids are known to be beneficial for patients with asthma, but their role in treating patients with stable chronic obstructive pulmonary disease (COPD) remains controversial. A study was undertaken to determine whether inhaled corticosteroids are of functional benefit in patients who did not show improvement with a trial of oral corticosteroids. Methods-In phase I patients with stable COPD were given a two week course of oral placebo followed by two weeks of prednisone 40 mg per day in a single blind manner to distinguish between responders and non-responders to oral corticosteroids. In phase II a double blind, randomised, parallel group trial of inhaled budesonide 1600 µg per day versus placebo was carried out in 79 nonresponders to oral corticosteroids. The primary outcome measure was forced expiratory volume in one second (FEV 1 ), and secondary outcome measures were exercise capacity, dyspnoea with exertion, quality of life, peak expiration flow rate, and respiratory symptoms. Results-Randomisation allocated 39 subjects to inhaled corticosteroids and 40 to placebo. There was no diVerence in the change in FEV 1 from baseline between the treatment and placebo groups; mean diVerence -12 ml (95% CI -88 to 63) at three months and -4 ml (95% CI -95 to 87) at six months. The proportion of patients with a 15% or greater improvement was no higher among those receiving inhaled corticosteroids than in the placebo group at any of the follow up visits. Changes in secondary outcomes were also no diVerent. Conclusions-Inhaled corticosteroids, even at high doses, were of no physiological or functional benefit in these patients with advanced COPD. (Thorax 1998;53:477-482) 
Corticosteroids are one of the many therapeutic modalities that pose a clinical dilemma in the treatment of stable chronic obstructive pulmonary disease (COPD). Oral corticosteroids are recommended in patients with COPD who remain symptomatic while receiving regular bronchodilator therapy. In a recent metaanalysis 1 it was estimated that the percentage of patients with stable COPD who benefit from oral corticosteroids was only 10% (95% CI 2 to 18) more than similar patients who receive placebo. Thus, the percentage of patients who will benefit from oral corticosteroids appears to be modest, and the potential for side eVects when taken regularly represents a major problem.
Inhaled corticosteroids, which have substantially fewer and less severe systemic side effects, have gained wide acceptance in the treatment of patients with airway disease with little regard for the underlying disease process. In the few studies where patients with COPD have been selected according to a significant response to oral corticosteroids, 2 3 the proportion of patients and the size of the eVect have been consistently less in patients receiving inhaled corticosteroids than in those receiving oral corticosteroids. In other studies [4] [5] [6] [7] [8] [9] [10] [11] carried out in patients not previously selected for their response to oral corticosteroids, the results have been conflicting with regard to the physiological or functional eYcacy of an inhaled corticosteroid. Some studies have included patients with asthma 10 or younger patients with preclinical COPD. 11 Although the results of a study in patients with selected preclinical COPD are valid and may be of importance in exploring the pathogenesis of the disease, their clinical relevance is less certain since most patients with COPD come to medical attention with moderate to advanced disease. No controlled study has been carried out using high doses of inhaled corticosteroid to evaluate physiological and functional benefits in the large subgroup of patients who do not improve significantly with oral corticosteroids.
We report a double blind, randomised, placebo controlled trial in patients with stable COPD, who remained symptomatic while receiving treatment with regular bronchodilators and who had not shown significant improvement during a trial of oral corticosteroids, to determine whether forced expiratory volume in one second (FEV 1 ) could be improved with high dose inhaled corticosteroids taken regularly for at least six months. Secondary outcomes included exercise capacity, dyspnoea with exercise, quality of life, peak expiratory flow rate (PEFR), and usual respiratory symptoms.
Methods
The study was conducted in a pulmonary outpatient clinic of a university aYliated hospital. The study protocol was approved by the institutional ethics committee and written informed consent was signed by all participants.
The study was conducted in two phases. Phase I of the study was designed to distinguish between patients with COPD who did not improve with oral corticosteroids and those who did improve with this therapy. Phase II evaluated the eYcacy of inhaled corticosteroids in patients with COPD who did not improve with oral steroids during phase I.
PHASE I: IDENTIFICATION OF NON-RESPONDERS TO ORAL CORTICOSTEROIDS

Selection criteria
To be eligible for the study the patients had to meet the following criteria: (1) age 40 years old or older; (2) smokers or ex-smokers; (3) no history of allergic asthma during childhood or as an adult; (4) absence of an exacerbation in respiratory symptoms during the two months prior to the study; (5) pre-bronchodilator FEV 1 less than 65% of predicted 12 and FEV 1 /forced vital capacity (FVC) less than 0.65; (6) post-bronchodilator FEV 1 less than 80%; (7) regular treatment with at least one bronchodilator; (8) no inhaled corticosteroids in the previous month or oral corticosteroids in the previous two months; (9) absence of any other active lung disease; (10) absence of diabetes, active peptic ulcer disease, uncontrolled high blood pressure, or congestive heart failure; and (11) absence of disease other than COPD that might interfere with quality of life.
Treatment with oral corticosteroids
All patients were assessed in a single blind manner with a two week course of oral placebo followed by two weeks of prednisone 40 mg daily. The prednisone was subsequently tapered and discontinued completely during the third week. A response to oral corticosteroids was defined in terms of changes in the pre-bronchodilator FEV 1 as measured at each visit. Patient in whom the FEV 1 had not improved by at least 15% and 200 ml compared with the baseline or placebo values after the two week course of oral prednisone were defined as oral corticosteroid nonresponders.
PHASE II: TREATMENT WITH INHALED CORTICOSTEROID OR PLACEBO
Study design and treatment
In those patients with COPD who did not improve with oral corticosteroids a double blind, randomised, parallel group trial of high dose inhaled budesonide versus placebo was carried out. Patients were randomly assigned to receive budesonide or placebo from a Turbohaler, two inhalations of 400 µg twice daily for six months. While originally the treatment period was to last 12 months, insuYcient numbers of patients were able to remain in the trial for this length of time and the power was therefore insuYcient to detect significant treatment diVerences at 12 months. Randomisation was carried out in blocks of four patients to ensure similar numbers of patients in each treatment group. Identification of individual treatment assignments was only possible in case of emergency by breaking the sealed envelope kept by the investigator. The envelopes had to be kept with the case record forms and be returned unbroken at the end of the study. Patients were instructed in the use of the inhaler and medications and proper technique was reinforced at each visit. All medication for the well being of the patients was permitted except inhaled corticosteroids other than budesonide. In case of treatment failure, rescue medication with 2 agonists or systemic steroids was available. Patients who developed an exacerbation of their disease and required systemic steroids were allowed to continue in the trial and their regular visit schedule was resumed after their condition had stabilised. Ophthalmological, otic, and/or dermatological corticosteroid preparations were permitted. A concerted eVort was made to keep all concurrent medications as constant as possible during the study and these were recorded in the patient diaries.
Evaluation and follow up
The following baseline measurements were made before the start of the study: (1) pertinent medical history; (2) validated French version of the ATS-DLD-78 questionnaire 13 ; (3) physical examination; (4) chest radiography; (5) pre-and post-bronchodilator FEV 1 and FVC; (6) six minute walking test 14 15 with estimation of the degree of dyspnoea on exertion as assessed by a visual analogue scale (VAS); (7) quality of life questionnaire 16 ; (8) complete blood counts; (9) serum theophylline level; (10) plasma cortisol level. Follow up visits were made at one, three, and six months. Pre-and post-bronchodilator FEV 1 and FVC, pre-bronchodilator six minute walking test, dyspnoea with exercise, and quality of life questionnaires were administered by the same research assistant at each visit. Morning and evening PEFR and symptom scores (shortness of breath and cough) were recorded daily in a diary for three months and then weekly. Patients could be withdrawn from the study at any time at the discretion of the investigator or at their own request. Patient withdrawal was classified as being due to non-compliance to the study protocol, pulmonary problems, serious adverse events, or refusal of further participation. The reason for withdrawal was specified on a study termination form provided.
Spirometric tests
Spirometric tests were carried out in all patients at each visit according to ATS guidelines 17 with a calibrated rolling seal spirometer. FEV 1 and FVC were measured before and 20-40 minutes after four single inhalations of 250 µg terbutaline sulphate administered through a 750 ml spacer device (Nebuhaler). At least three reproducible values (that is, with less than 5% diVerence between measurements) were obtained and the highest value was used in the analysis. EVorts were made to conduct these tests at the same time of the day at each visit. Whenever possible inhaled bronchodilators were not to have been taken six hours before the spirometric tests but theophylline could be maintained on a regular basis.
Six minute walking test and dyspnoea after exercise
A standardised six minute walking test 15 followed by an evaluation of dyspnoea was carried out in all patients at each visit. The patients were instructed to walk from end to end over 30 metres of an enclosed corridor, covering as much ground as they could during the allotted time. Written instructions were given to the patient before the test. The examiner walked slowly behind the patient for the duration of the test and only spoke to encourage the patient at predetermined times. When the full six minutes had elapsed the patient stopped and the distance completed was added up. In addition, the patients were asked to indicate their level of dyspnoea immediately after the walk test using a 10 cm visual analogue scale anchored by the terms "extremely short of breath" (0) and "no shortness of breath" (10) .
Quality of life questionnaire
The Chronic Respiratory Questionnaire (CRQ) 16 was administered to all patients at each visit. This questionnaire consists of 20 items aggregated into four dimensions: dyspnoea, fatigue, emotional function, and mastery or a feeling of control over one's disease. Dyspnoea is measured by asking subjects to specify five important and frequent daily activities during which they experience shortness of breath. The intensity of dyspnoea experienced doing the five activities was measured serially using a seven point Likert scale (extremely short of breath; very short of breath; quite a bit short of breath; moderate shortness of breath; some shortness of breath; a little shortness of breath, not at all short of breath). The same five activities, identified at first administration of the questionnaire, were used for all subsequent administrations.
Home assessment
Patients were provided with a daily diary and a mini-Wright peak flow meter to measure PEFR. The highest of three values taken in the morning and 12 hours later in the evening before any medication was recorded in the diary. Similarly, severity of symptoms was recorded for the previous 12 hour periods. Symptoms to be considered in determining a daily symptom score were shortness of breath, chest discomfort, and cough. Scoring was from 0 to 3 (0 = no symptoms; 1 = awareness of symptoms and/or signs which are easily tolerated; 2 = some discomfort or symptoms causing interference with activities of daily living; 3 = incapacitating symptoms or inability to work or carry out usual activities). Recording frequency was daily during the screening period and for the first 13 weeks of treatment, and thereafter once a week until the end of the study.
STATISTICAL ANALYSIS
It was estimated that 80 patients providing complete data would be required to give the study a power of 80% to detect a mean diVerence in FEV 1 of 200 ml between the two groups, assuming that significance would be declared at the two sided 5% level. The assumption inherent in the power calculation to detect a diVerence of 200 ml is based on what is considered to be minimal significant diVerence, week to week changes in FEV 1 of >20%. 18 The primary end point (change in FEV 1 ) was first assessed within groups from baseline and between treatment groups. The proportion of patients with 15% or greater improvement in FEV 1 was determined at each visit in each group and compared. Similarly, secondary end points were assessed within groups from baseline and between treatment groups. For the diary data variables, PEFR and symptoms prior to week 13 of treatment the mean value from the last 14 days before each Values presented are numbers of patients.
visit was used for analysis. Thereafter, since steady state was assumed, the mean value for all variable diary data prior to the visit was used. All the analyses were performed on an intention-to-treat basis, meaning that all patients randomised to treatment were included in the analysis, regardless of protocol violations, and including those who had to be withdrawn up to the point of withdrawal. The Wilcoxon signed rank test was first used to test the significance of changes from baseline to treatment within groups, while the Wilcoxon rank sum test was used to test diVerences between budesonide and placebo treatments. For all tests of significance two tailed alternatives were considered. We present parametric tests and their 95% confidence intervals which are more self explanatory since parametric tests (t tests) yielded similar results to nonparametric tests. The data were analysed with SAS version 6.0.
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Results
STUDY PATIENTS
One hundred and forty patients with COPD completed phase I of the study. Of these, 19 (13.5%) were defined as oral steroid responders and 121 (86.5%) as oral steroid nonresponders. Seventy nine patients who did not show a significant response to oral corticosteroids (phase I) participated in the randomised trial (phase II), 39 in the inhaled corticosteroid group and 40 in the placebo group. In the group of oral steroid responders the mean improvement in FEV 1 after oral corticosteroid therapy was 38% and 376 ml. In the group of oral steroid non-responders FEV 1 was basically unchanged after oral corticosteroid therapy in both groups. Age, pre-bronchodilator FEV 1 , daily PEFR variation, eosinophil count, and atopy were similar, as shown in table 1. The FEV 1 response to treatment with a bronchodilator was higher in the group of oral steroid responders at baseline, but was no diVerent when repeated after a single blind two week course of oral placebo. The demographic, clinical, and lung function characteristics of the non-responders to oral steroids are shown in table 2. Patients in the two treatment groups (inhaled corticosteroid versus placebo) were similar except that there were more women and current smokers in the placebo group than in the budesonide group. FEV 1 was unchanged after oral corticosteroid treatment in both groups.
WITHDRAWALS
The number of subjects completing the study and the reasons for withdrawal of patients according to treatment group are shown in table 3. Seven patients had withdrawn from the study after three months and 13 had withdrawn after six months. No group diVerences were observed among the reasons for withdrawal, such as worsening of respiratory conditions, non-compliance, or concomitant morbidity. Seven patients, one in the budesonide group and six in the placebo group, had withdrawn for reasons not related to respiratory problems but unwillingness to continue-for example, duration of the study, inconvenience of travelling during winter season. †Values presented are the mean and the 95% CI in parentheses. ‡Values presented are the maximum distance that the patient can walk in 6 min. §Dyspnoea was assessed immediately after the 6-min walking test using a 10-cm VAS anchored by the terms "extremely short of breath" (a score of 0) and "no shortness of breath" (a score of 10). {Scores for quality of life are from worst to best: dyspnoea, 5 to 35; fatigue, 4 to 28; emotion, 7 to 49; mastery, 4 to 28.
RESPONSE TO INHALED CORTICOSTEROIDS
Changes in FEV 1 are shown in table 4 and no diVerence between the two groups was seen at three or six months. The proportion of patients with a 15% improvement or more in FEV 1 was no higher in the budesonide group than in the placebo group at any visit. A comparison of secondary outcomes (exercise capacity, dyspnoea after exercise, and quality of life) is shown in table 5; they were found not to diVer between the treatment groups. For the diary data variables, symptom scores (breath, chest, cough, sum of symptoms) with budesonide did not produce a significant improvement compared with placebo. Morning PEFR increased more from baseline in the budesonide group than in the placebo group, but this was observed after only four weeks of treatment and the diVerence was no longer apparent after one month of treatment.
Both treatments were well tolerated; 59% of the patients in the budesonide group reported at least one adverse event, and 70% in the placebo group. Of the adverse events reported, 26% of those in the budesonide group and 38% in the placebo group were classified as respiratory in origin. The two most frequently reported adverse events were flu-like disorder and respiratory infection. One exacerbation of COPD caused a patient in the placebo group to discontinue his participation in the study. Four patients in the placebo group and two in the budesonide group required the use of oral steroids for exacerbations of COPD.
Discussion
Our results suggest that treatment with a high dose inhaled corticosteroid for a period of at least six months fails to improve lung function in most patients with stable but advanced COPD already on bronchodilator therapy who have not improved with oral prednisone. Assessment of other outcome parametersincluding daily symptoms, exercise capacity, and quality of life-leads to the same conclusion.
We made a concerted attempt in designing this trial to select patients with COPD and not asthma. Selection criteria were chosen so that results could best be applied to patients with moderate to severe disease, the patients most often seen in clinical practice. Excluding asthmatic patients is important because these patients are known to respond to inhaled corticosteroids. A recent Dutch study 10 on relatively young patients with airways obstruction, comprising both asthma and COPD, has clearly shown that the response to inhaled corticosteroids was confined largely to the asthmatic group. Another study suggesting a positive response to inhaled corticosteroids 11 selected young patients with preclinical COPD. In these studies the patients selected were not therefore representative of COPD patients who come to medical attention because of symptomatic airflow obstruction.
The treatment groups were similar with respect to demographic characteristics, smoking history, medication at entry, and severity of lung disease. Therapeutic interventions other than the one being studied were distributed equally in the two treatment groups. Important co-interventions were the use of bronchodilators. The use of diVerent bronchodilator co-therapies was similar in the two groups at entry. EVorts were made to ensure that the bronchodilators in each treatment group during the study were taken as usual, administered properly, and withheld prior to each visit when possible. To assure that outcomes were measured similarly in the treatment groups, the patients and the investigators were blinded to the study treatment.
The absence of a treatment eVect is unlikely to be due to insuYcient dose, insuYcient duration, or inadequate drug delivery. There are no clear guidelines concerning the minimal eVective dose. However, the doses used in this study were above the standard dose used in clinical practice for patients with asthma and COPD. The duration of at least six months was most likely to determine the eVect of inhaled corticosteroids on physiological and functional parameters. EVects are demonstrable in asthma within two weeks and most of the improvement in lung function is observed within 3-6 months. The study was not designed to assess the eVect of inhaled corticosteroids on the annual decline in lung function. This question is presently under investigation in Europe and in the USA. Inadequate inhalation technique may be another cause of a poor response. We deliberately administered high doses of inhaled corticosteroid to ensure adequate inhalation and we checked and corrected the inhalation technique at each visit.
Poor adherence to the study medication did not appear to be a problem but was only self reported in the daily diary. The withdrawal rate was not unexpectedly high for a trial in elderly patients with advanced COPD. In addition, the most frequent reasons for withdrawal did not appear to be related to treatment response.
The number of patients was suYcient to make chance an unlikely explanation for the results observed. At three and six months the trial had 80% and 77% statistical power to detect an estimated FEV 1 improvement of 200 ml in COPD patients with a mean (SD) baseline FEV 1 of 0.95 (0.32) l at the 5% level of significance.
The study tried to assess not only the physiological benefits, but also the functional benefits of inhaled corticosteroids, exercise capacity, dyspnoea on exertion, and quality of life. The walking test data are limited as an appropriate number of practice walks was not conducted at each visit. There are no data as to the extent to which prior practice walks are needed when the tests are separated at this distance. Likewise, end of exercise breathlessness is diYcult to interpret without relating it to starting levels of breathlessness. In chronic lung disease determination of the impact of a treatment requires a measure of how the patient feels. In the present study the size of the treatment eVects on quality of life was usually important 20 21 but the confidence interval includes the mean of the null hypothesis, which is equivalent to not respecting the null hypothesis.
The results of our study may not be unexpected, given the presence of severe fixed airflow obstruction. However, such patients with moderate to severe COPD are receiving inhaled corticosteroids in growing numbers. 22 In summary, this study was designed to document the improvement rather than the decline in lung function in patients with severe COPD not responsive to a short course of oral steroids. On the present evidence inhaled corticosteroids, even in "high" doses, are of no physiological or functional benefit to these patients. There therefore appears to be little justification for their use in such patients.
